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The acute phase response has been previously characterized in the pig. 2, 9 Haptoglobin (Hpt), an ␣-2 glycoprotein, is a normal serum protein that increases 5-7 fold within 24-48 hours upon the advent of an acute inflammatory response. 9 Serum Hpt increases as a result of natural infections and experimentally induced inflammation in pigs as in other species. 1, 2, 6, 9, 11, 12 Besides serum Hpt as a marker for inflammatory disease, it has been used as an indicator of weight gain 4 and stress from environmental conditions. 5 The serum Hpt concentration may therefore be useful as a monitor of overall health of pigs in a commercial production unit.
Automated assays for measuring serum Hpt have been validated for use in dogs, horses, and sheep. 7, 11, 13 A commercially available immunoturbidimetric assay for human Hpt has recently been validated for use in dogs and horses. 13 The purpose of this study is to report on the cross-reactivity of this same assay a for use in determining serum Hpt concentrations in swine.
Serum samples were obtained from pigs housed at the Veterinary Medicine Research Farm at the University of Illinois and from samples submitted to the Purina Mills Research Center for unrelated testing. Samples from the University of Illinois were collected by venipuncture into serum clot tubes, and after centrifugation, the serum was withdrawn and stored at Ϫ70 C until assayed. Those samples submitted to Purina Mills Research Center were treated in a similar fashion. Serum used for immunoelectrophoresis, western blot, and correlation studies were from the University of Illinois, and serum for all other experiments was from the Purina Mills Research Center.
A cyanmethemoglobin (CHB) assay for serum Hpt was performed as previously described. 3, 4 Hpt was reported in milligrams of CHB binding capacity (HBC) per deciliter of serum. Samples with relatively low, medium, and high HBC were pooled and labeled respectively. The pooled samples were used for further experiments.
Immunoelectrophoresis was performed as previously described 13 using 1-l aliquots of pooled swine serum containing various Hpt concentrations as determined by the CHB assay. Serum from a healthy human donor served as a control. Following standard electrophoresis on a 1.0% agarose gel film, b anti-human Hpt antiserum (anti-Hpt antibody) was added to diffusion wells on either side of each electrophoretic lane. The antiserum was allowed to diffuse for 24 hours at room temperature, forming immunoprecipitates. The film was washed in 0.9% saline with gentle stirring for 12 hours and stained with Commassie blue, destained in an acetic acid solution, and air dried.
For western blot analysis, serum from pigs and a human serum control were diluted 1:10 in phosphate-buffered saline and run on a 8.0% polyacrylamide gel under nondenaturing conditions. Adjacent lanes containing equal aliquots of each serum sample, first incubated with excess amounts of human hemoglobin (Hb), were also run on the same gel. The gel was blotted to a polyvinylidene difluoride membrane, c which was subsequently blocked with 5% bovine serum albumin (BSA) and incubated in anti-Hpt antibody, diluted 1:4,000 in Tris-buffered saline (pH 7.4) for 2 hours at room temperature. The membrane was then incubated with alkaline phosphatase-conjugated rabbit anti-goat IgG diluted 1:2,500 for 2 hours at room temperature. After a final wash in 1% BSA, the membrane was incubated with an alkaline phosphate substrate d until all bands could be clearly identified.
Two models of automated chemistry analyzers e for crossreactivity of the immunoturbidimetric assay were used. Each machine was programed according to the manufacturer's recommendations with the following modifications. To compensate for the ability to use undiluted serum on the older model (Hitatchi 704) instrument, internal settings for the assay were altered. The alteration required a change in the mathematical model function for nonlinear curve approximations. The change is from a 4-parameter : Logit-log calculation to the 5-parameter : Logit-log. For the newer model (Hitachi 911), no internal modifications were made. For both instruments, it was necessary to dilute the lowest human standard (33 mg/dl), 1:2 (16.5 mg/dl) and 1:4 (8.25 mg/dl), to facilitate a working range of standards for ideal swine serum Hpt determination. The top 2 human standards supplied with the kit were not used. The human control was run as recommended (89-121 mg/dl) and diluted 1:2 with saline. If the older model is equipped to perform the assay, it is necessary to dilute the standard and control 1:11 with saline. Use of the newer model instrument requires no such dilution.
Pooled low-and high-HBC serum samples were run 10 times within 1 day and then once daily for 10 days to determine the within-and between-run coefficients of variation (CVs). Correlation between the immunoturbidimetric assay and the CHB assay was calculated from the results of 60 samples. Correlations between the 2 models of values obtained were made using 78 samples. Linearity of the assay was determined by diluting the pooled high serum at 10% increments with pooled low serum or saline. Dilution with pooled low serum was only performed on the newer model instrument because of depletion of sample volume. Interference from hemolysis was tested by adding increasing 
amounts of swine Hb made from lysed red blood cells to both pooled high-and low-HBC serum samples.
With immunoelectrophoresis, the pooled serum samples all showed single distinct bands of recognition with the anti-Hpt antiserum at levels of anodal migration comparable to the human control.
Three bands of identity were revealed on western blot with the pooled medium-and high-HBC serum to the anti-Hpt antibody. Incubation of the serum samples with excess amounts of Hb prior to electrophoresis reduced the 3 bands identified in pooled medium-and high-HBC samples to 1 band similar to that found in both the pooled low-HBC serum with and without Hb added. The pooled low-HBC sample displayed only 1 band of identity, whereas the human serum control showed multiple bands of recognition. The human serum sample incubated with Hb also displayed a reduced number of bands ( Fig. 1) .
A strong positive correlation (y ϭ 0.953 x ϩ 2.65, r ϭ 0.816) was shown between the CHB assay and the immunoturbidimetric assay and between the 2 models of analyzer (r ϭ 0.960). The immunoturbidimetric assay run on the newer model was linear upon serial dilution of pooled high-HBC serum with both pooled low-HBC serum (r 2 ϭ 0.989) and saline (r 2 ϭ 0.986). On the older model, the assay was linear when pooled low-HBC serum was diluted with saline (r 2 ϭ 0.994); however, linearity was lost with the pooled high-HBC serum when values reached above 50 mg/dl. Withinrun and between-run CVs were all Ͻ9.0% for both highand low-HBC pooled serum on both instruments. Hemolysis caused an apparent decrease in Hpt values with increasing concentrations.
Both immunoelectrophoresis and western blot analysis confirmed that the anti-Hpt antiserum used in this immunoassay is monospecific for swine Hpt. The increased number of bands in the western blot is most likely due to the greater sensitivity of this assay over the immunoelectrophoresis procedure. The pattern of bands found on the western blot was similar to that observed using both canine and equine serum and this assay technique. 13 The 3 bands observed on the western blot represent different levels of saturation of Hpt with Hb. Fully saturated Hpt-Hb complex is represented by the most anodal band, and a Hpt-Hb intermediate and free Hpt are represented by the middle band and the band with the least anodal migration, respectively. Once Hb is added in excess, all of the serum Hpt is fully saturated. The single band so produced corresponds to the band with the least anodal migration. The lack of a similar band pattern in the pooled low-HBC serum sample is most likely an effect of the lower concentration and insufficient sensitivity of the western blot technique. The human control acts as previously described, 13 with the numerous bands corresponding to the variety of Hpt and Hb subtypes found in human serum.
The results of this study compare favorably to the results of other studies that used other automated assays. 7, 11 The advantages of this assay over others include the fact that it is available as a kit sold commercially and it is easily adapted to different models of chemistry analyzers. The ability to use the same standards and antiserum for many different species negates the need for production and storage of several species-specific standards and antisera. The values obtained can be expressed as human Hpt equivalents, which also negates the need for unit conversion between species. Interference from hemolysis decreased the apparent recovery of Hpt in the serum samples, as was previously found using canine and equine serum. 13 Although these studies show that Hb binding to Hpt does not completely diminish the ability of the anti-Hpt antibody to bind with Hpt, the matrix so formed must be altered. Hb binds to the ␤-chain of the Hpt molecule, masking some of its antigenic determinants. 8, 10 When the ␤-chain is bound, the ␣-chain retains antigenic properties. 7 The Hpt-Hb complex and Hpt-Hb intermediate are not detectably affected, when examined by immunoelectrophoresis or western blot analysis. The binding of Hb to Hpt may affect the tertiary structure and alter Hpt or sterically hinder antigenic epitopes, resulting in decreased lattice formation. Therefore, any sample with visible hemolysis may produce abnormal Hpt values, which warrant caution in interpretation.
Slight modifications to the manufacturer's instructions are necessary for analyzing swine serum for Hpt and to ensure optimal assay performance. Although normal reference rang-es were not determined in this study, swine serum contains overall lower total serum Hpt concentrations than does the serum of other species examined. 2, [4] [5] [6] Dilution of the standards and control facilitates a more accurate measure of swine serum Hpt concentration. According to the manufacturer's protocol, serum samples should be diluted 1:11 when adapted to the older model instrument. With slight adjustments to instrument parameters, an undiluted serum sample may be used, which alleviates an added step of diluting samples. However, a disadvantage to using an undiluted serum sample is loss of linearity at serum Hpt values Ͼ50 mg/dl. This is most likely a prozone effect on the assay, and any serum sample identified with a value Ͼ50 mg/dl when analyzed on the older model should be diluted into a working range.
This human Hpt immunoturbidimetric assay is valid for the measurement of serum Hpt in swine and may be used routinely in a swine production unit. However, future clinical studies will be necessary to assess the economic impact such assays may have on swine production.
